
5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

3823-113-ED-330373

A

POWER SUPPLY MONITOR/CONTROL BOARD

B

1 8Wednesday, November 28, 2001

Jamieson Olsen

Jamieson Olsen

top level
size

drawing number

revision

Date: Sheet of

Fermi National Accelerator Laboratory
PPD / E&TT / DZERO upgrade

name of board

design by:

drawn by:

page name

SEND_DATA

SELECT_SYNC

CMD_DATA_SYNC

ENCODER_ENABLE

VALID_WORD

ENCODER_CLOCK

SERIAL_DATA_OUT

SERIAL_DATA_IN

TAKE_DATA

R
E

S
E

T

DECODER_CLOCK

DECODER_RESET

CLK_12MHZ

digital_io

GSD[7..0]

WDOG

AC_OK[7..0]

EXT_INT1

EXT_INT2

AC_DIST_EN

RESET

Microcontroller

A
D

[7
:0

]

R
D

_S
T

R
B

A
[1

5:
8]

W
R

_S
T

R
B

A
D

D
R

_S
T

R
B

C
LO

C
K

RESET

M
_I

N
T

ANALOG_A

ANALOG_B

ANALOG_C

D
O

N
E

user_interface

1553_ACTIVE*

LCD_RS

LCD_RW

LCD_EN

LCD_DATA[7..0]

BUTTON[4..0]

LCD_CONT_INC

LCD_CONT_UP

LCD_CONT_CS

PBR

analog

ANALOG_A

ANALOG_B

ANALOG_C

SEL[2..0]

power

R
E

S
E

T

SOFT_RESET

LED_CLK

PBR

fpga

1553_ESC

1553_DSC

CLK_12MHZ

C
LK

_6
M

H
Z

M
_A

D
[7

..0
]

M
_A

D
D

R
[1

5.
.8

]

LCD_RS

LCD_RW

LCD_EN

1553_LED

LCD_DATA[7..0]

BUTTON[4..0]

AMUX_SEL[2..0]

1553_SDI

1553_EE

1553_SS

1553_DR

1553_SD

1553_CDS

1553_VW

1553_TD

1553_SDO

M
_W

R

M
_A

LE

M
_R

D

RESET

M
_I

N
T

LED_CLK

LCD_CONT_INC

LCD_CONT_UP

LCD_CONT_CS

AC_DIST_EN

WDOG

GSD[7..0]

AC_OK[7..0]

EXT_INT1

EXT_INT2

D
O

N
E

SOFT_RESET

ANALOG_C

ANALOG_B

ANALOG_A

AMUX_SEL[2..0]

1553_SELECT_SYNC

M
_A

D
D

R
[1

5.
.8

]

1553_SERIAL_DATA_OUT

1553_ENCODER_CLOCK

M
_I

N
T

1553_SEND_DATA

1553_SERIAL_DATA_IN

CLK_12MHZ

1553_ENCODER_ENABLE

M
_A

D
[7

..0
]

1553_TAKE_DATA

LED_CLK

M
_R

D

1553_VALID_WORD

1553_DECODER_CLOCK

1553_DECODER_RESET

M
_A

LE

M
_W

R

C
LK

_6
M

H
Z

1553_CMD_DATA_SYNC

AC_DIST_EN

WDOG

GSD[7..0]

AC_OK[7..0]

EXT_INT1

EXT_INT2

RESET

LCD_CON_CS

1553_ACTIVITY

LCD_DATA[7..0]

LCD_EN

LCD_CONT_INC

LCD_RS

LCD_RW

LCD_CONT_UP

BUTTON[4..0]

PBR

D
O

N
E



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

smt 12MHz
oscillator use
digikey
XC655CT-ND

1553_GND should
be a copper pour.

Panasonic ERJ-12ZYJ301U or equivalent
300 ohm 1/2W SMT 2010 resistor.

Termination
Resistor, put
this at the
end of the
trace.

DECODER_RESET is active high

active low
board
reset

OPTIONAL

OPTIONAL
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A channel is defined as a current and voltage.  The current and voltage
signals are fed into a dual instrumentation amplifier: voltage is on
the "A" inputs, current on the "B" inputs.  Instrumentation amp gain is
set by the resistor, see datasheet for more information.  The gain
cannot be set below 1, so the amp is followed by a voltage divider to
cut the output voltage in half.

The outputs from the amps go though an analog mux and into the ADC
inputs of the micro.  These inputs on the micro must be between 0 and
+5V.  Set the instrumentation amp gain to maximize the voltage swing
for best ADC resolution, but be careful that it does not exceed +5V. +---------+-----------------+

| select  | voltage output  |
+---------+-----------------+
| 0 0 0   | channel 0 volts |
| 0 0 1   | channel 0 amps  |
| 0 1 0   | channel 1 volts |
| 0 1 1   | channel 1 amps  |
| 1 0 0   | channel 2 volts |
| 1 0 1   | channel 2 amps  |
| 1 1 0   | channel 3 volts |
| 1 1 1   | channel 3 amps  |
+---------+-----------------+

+---------+-----------------+
| select  | voltage output  |
+---------+-----------------+
| 0 0 0   | channel 4 volts |
| 0 0 1   | channel 4 amps  |
| 0 1 0   | channel 5 volts |
| 0 1 1   | channel 5 amps  |
| 1 0 0   | channel 6 volts |
| 1 0 1   | channel 6 amps  |
| 1 1 0   | channel 7 volts |
| 1 1 1   | channel 7 amps  |
+---------+-----------------+

+---------+------------------+
| select  | voltage output   |
+---------+------------------+
| 0 0 0   | channel 8 volts  |
| 0 0 1   | channel 8 amps   |
| 0 1 0   | channel 9 volts  |
| 0 1 1   | channel 9 amps   |
| 1 0 0   | channel 10 volts |
| 1 0 1   | channel 10 amps  |
| 1 1 0   | channel 11 volts |
| 1 1 1   | channel 11 amps  |
+---------+------------------+

3823-113-ED-330373

A

POWER SUPPLY MONITOR/CONTROL BOARD

E

3 8Monday, November 26, 2001

Jamieson Olsen

Jamieson Olsen

Analog Mux and Instrumentation Amps
size

drawing number

revision

Date: Sheet of

Fermi National Accelerator Laboratory
PPD / E&TT / DZERO upgrade

name of board

design by:

drawn by:

page name

SEL2
SEL1
SEL0

CH_I0

CH_I1
CH_V1

CH_I2

CH_I3
CH_V3

CH_V2

CH_V0

CH_I7

CH_I4

SEL2

SEL0

CH_I5

CH_V7

CH_V6

SEL1

CH_V4

CH_I6

CH_V5

CH11_AMPS

CH8_AMPS

SEL2

SEL0

CH9_AMPS

CH11_VOLTS

CH10_VOLTS

SEL1

CH8_VOLTS

CH10_AMPS

CH9_VOLTS

-12V

+5V

-12V +5V

+12V

+12V

-12V

+12V

+12V -12V +5V

+12V

-12V

+5V-12V+12V

+12V

+12V

-12V

-12V

+5V

+5V

+12V

-12V

-12V+12V

-12V

+12V

+12V

+12V

+12V

+5V

-12V

-12V

+5V-12V

+5V

+12V

-12V

+12V

+5V

+5V+12V

+12V

-12V

-12V

-12V

-12V

+12V

+12V

+5V

-12V

-12V

+12V

+12V

+12V

+12V

+5V

-12V

-12V

+5V-12V

+5V

+12V

-12V

+12V

+5V

+5V+12V

+12V

-12V

-12V

-12V

-12V

+12V

+12V

+5V

-12V

C38
0.01uF

C59
0.1uF

R101
1k 1%

R124
47k

R91
47k

C61
0.1uF

U14
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R16210

C76
0.1uF

R145 10

R118
1k 1%

R176
1k 1%

R122
1k 1%

R84 10

C84
0.01uF

R137
1k 1%

C35
0.1uF

R184
1k 1%

R123
1k 1%

R24 10

R112
47k

R144
47k

R82
47k

R121 10

R182
47k

R185
1k 1%

C28
0.1uF

R161
1k 1%

R159
47k

U15
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R111 10

C93
0.1uF

R113
47k

R38
1k 1%

R178
47k

R79 10

C36
0.01uF

R95
1k 1%

R40
47k

R15610

R28
47k

R50
1k 1%

R60
47k

R141
47k

R20 10

R166
47k

R17410

R30 10

R47 10

U9
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R13210

C52
0.01uF

R21 10

8:1 MUX

U18

MAX308CSE

1

2

3

4
5
6
7

8

9
10
11
12

13

14

15
16

A0

EN

V
-

N01
N02
N03
N04

COM

N08
N07
N06
N05

V
+

G
N

D

A2
A1

R53
1k 1%

R117
47k

C39
0.01uF

R92
1k 1%

R155
47k

R89 10

R163 10

R98
47k

R36 10

J6

WIEDMULLER_164289

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

C53
0.01uF

U11
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

C83
0.01uF

C86
0.1uF

R71
47k

C29
0.1uF

R41
47k

R12610

R64 10

C75
0.1uF

R133
47k

R80
1k 1%

R107 10

R43 10

R170
1k 1%

R46 10

R35
1k 1%

R93
1k 1%

R94
47k

R154
47k

C82
0.01uF

C45
0.1uF

R153 10

R45
1k 1%

R150 10

R83
47k

R11410

C46
0.1uF

R81
1k 1%

R108 10

R139
47k

R165
1k 1%

R54
1k 1%R52

47k

U13
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

C66
0.01uF

C44
0.1uF

C26
0.1uF

R115 10

C54
0.01uF

C42
0.1uF

C72
0.1uF R147 10

R65 10

R69 10

C78
0.1uF

R143
1k 1%

C89
0.1uF

U6
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R26 10

R55
47k

R62 10

R134
1k 1%

C68
0.01uF

8:1 MUX

U17

MAX308CSE

1

2

3

4
5
6
7

8

9
10
11
12

13

14

15
16

A0

EN

V
-

N01
N02
N03
N04

COM

N08
N07
N06
N05

V
+

G
N

D

A2
A1

R67 10

R96
1k 1%

R116
47k

C94
0.1uF

C34
0.1uF

R19 10

R177
1k 1%

R78 10

U5
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

C31
0.1uF

R179
1k 1%

C70
0.01uF

R160
1k 1%

R22 10

J4

WIEDMULLER_164289

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

R49
47k

C43
0.1uF

R73 10

R119
1k 1%

R140
47k

R74
47k

C64
0.1uF

R146 10

R180
1k 1%

C63
0.1uF

R110 10

C65
0.1uF

C90
0.1uF

R16810

C80
0.1uF

R72 10

R128
1k 1%

C87
0.1uF

C85
0.01uF

R142
1k 1%

R157 10

R32
47k

R129
1k 1%

R181
47k

R56
47k

R136
47k

R127 10

R186
47k

R167
47k

U16
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R77
1k 1%

R158
47k

R17310

R13110

C51
0.01uF

R44
1k 1%

R183
47k

R85 10

C37
0.01uF

R100
1k 1%

R151 10

R109 10

J5

WIEDMULLER_164289

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

R25 10

C27
0.1uF

C56
0.1uF

R48 10

U10
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R33
47k

R12010

R23 10

8:1 MUX

U19

MAX308CSE

1

2

3

4
5
6
7

8

9
10
11
12

13

14

15
16

A0

EN

V
-

N01
N02
N03
N04

COM

N08
N07
N06
N05

V
+

G
N

D

A2
A1

R13010

R58
1k 1%

R125
47k

C40
0.01uF

R105 10

R37 10

R164
1k 1%

R90 10

R169 10

R102
47k

R42 10

C58
0.1uF

R175
47k

C77
0.01uF C81

0.01uF
R152 10

R39
1k 1%

R76
1k 1%

R148 10

R75
47k

C33
0.1uF

C88
0.1uF

R106 10

R66 10

C79
0.1uF

R88 10

U12
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R86
1k 1%

R99
47k

C71
0.1uF

R17210

R70
47k

C49
0.1uF

C32
0.01uF

C73
0.1uF

C50
0.1uF

R87
1k 1%

R29
47k

R63 10

R68 10

C74
0.1uF

R138
1k 1%

R171
1k 1%

R59
1k 1%R57

47k

R135
1k 1%

C62
0.01uF

C67
0.01uF

C48
0.1uF

R34
1k 1%

C47
0.01uF

C55
0.01uF

R61 10

R149 10

R103 10

C91
0.1uF

C30
0.1uF

C92
0.1uF

U7
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R51
1k 1%

C41
0.1uF

U8
INA2128U

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

VINA-

VINA+

RGA1

RGA2

REFA

VOA

SENSA

V
-

V
+

SENSB

VOB

REFB

RGB2

RGB1

VINB+

VINB-

R27 10

R31 10

C57
0.1uF

C69
0.01uF

R97
47k

R104 10
C60
0.1uF

ANALOG_A
ANALOG_B

ANALOG_C

SEL[2..0]



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

Normally CLOSED
opto-isolators.

Pin 1 goes to Vicor GSD
pin, Pin 2 goes to Vicor
signal GND.  Repeat for
all 8 supplies.

+-----+----------+-------------+
| GSD | Watchdog | Vicor Ouputs|
+-----+----------+-------------+
|  X  |    0     |  disabled   |
|  1  |    0     |  disabled   |
|  1  |    1     |  enabled    |
+-----+----------+-------------+

Disabling the Vicor outputs is
effectively a "soft" turn-off.  The
fans will continue to run.  If this
controller board is NOT powered, the
Vicor outputs should be disabled.  If
the watchdog times out, the Vicors
should disable their outputs.

Pin 1 goes to Vicor #1 AUX VCC out. 
Pin 2 goes to Vicor #1 GND.  Repeat
for Vicors 2-8.

If the AC is connected to
the Vicor, the corresponding
output will go LOW.

External Interlock Inputs
Center conductor drives 5V with respect
to the outer conductor.  Must be able to
supply > 5mA.  Voltage present on BNC
means that things are OK.

Voltage on BNC interlock input
drives these outputs to logic
LOW.

AC Distribution Enable
goes to the BNC input
on the BiRA box. 
Active high, must be
able to supply >10mA.Pull low to

turn on Vicor
AC

Watch Dog Circuit

Pin 2 must get a high to
low transition at least
once a second to maintain
a high at the output. 
Re-triggerable.

active low
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Serial ISP EEPROM for
configuring FPGA.

DONE goes high after
FPGA completes its
configuration process
after power up.
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Multiplexed async data bus
16 bit address / 8 bit data
used to talk to external ram, 
which in this case is the
FPGA.  It is through this
interface that the micro
talks to all of the
peripherals on the board.

6MHz supplied
from the FPGA

Atmel ISP connector
goes on the front panel.

active low reset.  when
the ISP connector is
installed and the micro
is being programmed,
the whole board will be
in reset.

32.768 kHz
crystal; DigiKey

Analog
thermometer
device 6.25mV/C
with offset of
0.424V at 0C.

DONE goes high after
FPGA been configured
from its EEPROM. 
Upon reset, the micro
*must* wait until
DONE is high before
attempting to talk to
the FPGA.
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Slow clock routed to the FPGA..
 Used for blinking LEDs.

both reset outputs
are active low

+2V is a plane layer.
 Regulator good for
up to 3A.  Supplies
power to FPGA
core ONLY.

External power supply requirements:

+5V @ 3A
+15V @ 1A
-15V @ 0.5A
GND must be tied to EARTH GND

+3V is a plane layer.
 Regulator good for
up to 5A.
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20 pin header for connection to
character based LCD display with LED
backlight. Supports digital contrast
adjustment under control of micro.

for manual
contrast
control, add
POT here.

+--------+
|  1   2 |  1553 active LED*
|  3   4 |  +5V power LED*
|  5   6 |  -12V power LED*
|  7   8 |  +12V power LED*
|  9  10 |  RESET pushbutton
| 11  12 |  REMOTE/LOCAL switch
| 13  14 |  SHUTDOWN ALL switch
| 15  16 |  MENU2 pushbutton
| 17  18 |  MENU1 pushbutton
| 19  20 |  MENU0 pushbutton
+--------+

* all LEDs have CATHODE on ODD numbered pins
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